Introduction
Hypertension is the single most important risk factor for premature morbidity and mortality worldwide. 1 Indeed, it is estimated that 1.13 billion people (about 24% prevalence) have hypertension, 2 and this is responsible for about 7.5 million deaths per year. 3 Furthermore, the treatment and control of hypertension is poor, with more than 40% of patients with hypertension being uncontrolled, 4 indicating a considerable care gap that requires new thinking to address. Canada does fare better than most, with a prevalence rate of 23% of adults having hypertension, and of these, one-third not adequately
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Original research controlled. 5 However, because hypertension is a major risk factor for cardiovascular disease (CVD), renal disease and death, there is considerable interest in reducing this care gap to prevent significant morbidity and mortality. [6] [7] [8] Pharmacists are ideally placed, highly accessible health care providers who have shown that they can effectively contribute to solving this care gap in hypertension management. Santschi et al. 9 recently conducted a systematic review and meta-analysis of 39 randomized controlled trials assessing the effect of pharmacist interventions on blood pressure management. These interventions were largely patient education and counselling, feedback to physicians about management (including drug-related problems, recommendations for changing pharmacotherapy and development of care plan) and medication management (including monitoring with adjustment of change in medication). This review found that, compared with usual care, pharmacist interventions were significantly better at lowering both systolic and diastolic blood pressure, with an average systolic blood pressure reduction of 7.6 mmHg. 9 More recently, a patient-level randomized controlled trial by Tsuyuki et al. 10 evaluated the impact of pharmacist prescribing on blood pressure control of community-dwelling patients. The intervention group received from their pharmacist an assessment of blood pressure and CVD risk, education on hypertension, prescribing of antihypertensive medications, laboratory monitoring and monthly visits for 6 months. The control group received some educational material, blood pressure measurements and usual care from their pharmacist and physician. Of the 248 patients enrolled, those randomized to the intervention arm experienced a statistically and clinically significant reduction in systolic blood pressure of 18.3 mmHg.
Although we have robust randomized controlled evidence of the benefits of pharmacist management of hypertension, there is no quantitative evidence to suggest that it is good value for the scarce health care dollars that would need to be allocated to its provision. As such, we embarked on a study to extrapolate the observed benefits in trials of pharmacist intervention in blood pressure control, in order to project potential clinical and cost-effectiveness of pharmacist interventions over a longer time horizon.
Methods

Model structure
The model was structured as a 5-state Markov model, with health states defined by history of CVD and/or end-stage renal disease (ESRD) and death ( Figure 1 ). Within the model, baseline risk for CVD and ESRD was defined based on patient clinical and demographic characteristics, and this risk was modified in the pharmacist intervention arm resulting from changes in systolic blood pressure. CVD and ESRD outcomes were tracked over time, along with corresponding survival, health-related quality of life (HRQoL) and direct medical costs. Specific CVD outcomes considered were myocardial infarction (MI), stroke, heart failure (HF) and angina. The modelled time horizon was 30 years in the base case, with 5% annual discounting applied to costs and outcomes. The analysis was done from a third-party payer perspective.
Impact of pharmacist care
The impact of the pharmacist care was characterized by reduction in systolic blood pressure in individuals with hypertension. The base case value was 18.3 mmHg, as observed in the clinical trial conducted by Tsuyuki et al., 10 reflecting the 6-month outcome observed for an intervention including consultation, medication review and prescribing (referred to as the "full-scope pharmacist intervention, " as it refers to the fullscope of pharmacist practice). A second value of 7.6 mmHg was also considered, based on the systematic literature review and meta-analysis conducted by Santschi et al., 9 which included a
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• Pharmacist intervention (either partial or full) is an effective management strategy for hypertension. • Pharmacists are ideally placed to fill in the care gap for the 35% to 65% of hypertensive patients who are inadequately controlled. • Full management (prescription, education and consultation) of hypertension by pharmacists is a dominant (saves money and improves outcomes) strategy. • Partial management by pharmacists improves outcomes at a cost generally thought to be cost-effective. • given the compelling economic argument for pharmacist management of hypertension, pharmacists and policy-makers have a societal duty to implement this type of care.
FiguRe 1 (a) overall approach to model structure. (b) Markov health states range of interventions, most of which did not incorporate pharmacist prescribing (referred to as the "partial-scope pharmacist intervention"). Within the model, the usual-care arm was assumed to stay consistent with baseline, with no change in blood pressure, reflecting the fact that usual care would be characterized by consistent care, without any additional intervention; in the absence of intervention, no blood pressure reduction would be expected. The assumption of no change represents an average outcome, reflecting individual patients experiencing both increases and decreases over time, respectively, but no evidence of a consistent trend in the absence of further intervention. Note that in the Tsuyuki et al. trial, the "control" arm did receive a modified intervention, so is not a true reflection of outcomes under actual usual care, and these results were thus not felt to be an appropriate description of actual usual care with no intervention. Because of the importance of this assumption, results are presented graphically across a range of plausible values for systolic blood pressure reduction, from 5 to 20 mmHg.
Health outcomes over time
Baseline risk of disease is based on clinical and demographic characteristics observed in the clinical trial conducted by Tsuyuki et al. 10 (Table  1) . Thirty-year Framingham risk equations were used to generate long-term CVD probabilities for baseline characteristics, including calibration factors to differentiate the risk for coronary heart disease (CHD), stroke and HF. 11, 12 The absolute difference in the risk score for "hard" CVD outcomes (excluding angina) and all outcomes (including angina) was calculated to extrapolate the risk of angina, while the difference between risk of CHD and risk of angina was calculated to extrapolate the risk of MI. Risk calculators made available by Framingham investigators 13 were used to calculate CVD risk scores annually for 30 years for each treatment arm, based on baseline risk factors. The difference between
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the usual care and intervention groups was based on the relationship between systolic blood pressure and major CVD events reported by the Blood Pressure Lowering (BPL) Treatment Trialists' Collaboration. 14 The plot describing this relationship was digitized, and a simple linear regression model was fit, which found a decrease of 0.026 in the relative risk of CVD for every mmHg decrease in systolic blood pressure, relative to no change. The resulting relative risk of CVD for the pharmacist intervention group relative to the usual care group was 0.50 for the full-scope pharmacist intervention and 0.77 for the partial-scope pharmacist intervention.
Risk of ESRD was calculated based on incident rates reported in a historical cohort study conducted in the United States. 15 Within this study, the incidence of ESRD is reported based on the Seventh Report of the Joint National Committee on Prevention, Detection, Evaluation and Treatment of High Blood Pressure categories: normal, prehypertension, hypertension stage 1 and hypertension stage 2. 16 To interpolate the relationship between systolic blood pressure on a continuous scale, a simple linear regression model was fit between the midpoint systolic blood pressure for each category and resulting ESRD incidence per 100,000 person-years. The rate of ESRD per 100,000 person-years was then converted to an annual risk, assuming an exponential function. The resulting annual probability of ESRD was 0.000194 for the usual-care arm, 0.000150 for the full-scope pharmacist intervention and 0.000191 for the partial-scope pharmacist intervention. The respective treatment arm-specific annual probabilities of disease were applied each year.
For the pharmacist intervention arm, the difference in systolic blood pressure associated with the intervention was used to vary longterm risk projections for CVD and ESRD. All risk factors besides systolic blood pressure were held constant. Additional details describing the methods undertaken to model CVD and ESRD are provided in the supplementary appendix in the online version of the article.
Canadian life tables were used to estimate age-and sex-specific mortality over time. A hazard ratio for mortality of 1.71 was applied after experiencing CVD, to reflect increased mortality in this population. 17 HRQoL A published catalogue of EQ-5D utility values was used to quantify HRQoL for health states of interest, under the assumption that utility values derived for a U.S. population would be relevant to Canada. 18 Resulting utilities were 0.694 for stroke, 0.725 for MI, 0.636 for HF, 0.709 for angina and 0.708 for ESRD ( Table 2 ). In addition, a utility decrement of 0.00029 per year was applied to all years accrued older than age 70 years (e.g., for individuals surviving to age 75, a quality-adjusted life year [QALY] decrement of 0.00029 × 5 = 0.00145). 18 
Costs
The cost of the pharmacist intervention was based on assumptions derived from investigator familiarity with implementing such programs in a clinical trial setting. It was assumed that individuals would be seen 6 times in the first year and quarterly thereafter, reflecting a protocol of Original research monthly visits until 2 consecutive visits with controlled measures, followed by quarterly visits. The unit cost of the first consultation of each year is $125 CAD and $25 for subsequent consultations, reflecting the current fee schedule in Alberta. 27 While no net difference in number of blood pressure medications was observed in clinical trial, 28 a conservative assumption was made in the base case that medication costs would increase by $30/month as a result of the intervention. It was also assumed that there would be no difference in other background medical costs; this is a conservative assumption given that the intervention group would likely have physician visits for medication management offset by the additional pharmacist consultations. All aspects of the intervention program are within the current core competencies of Canadian pharmacists, and if any additional training is required, it would likely be funded by the pharmacy rather than a third-party payer. As such, no training costs are included in the base case.
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Costs of CVD and ESRD were based on a review of the published peer-reviewed literature, restricted to Canadian studies ( Table 2 ). The Canadian Health and Personal Care component of the Consumer Price Index was used to inflate values to 2015 $CAD values. 29 Background noncardiovascular medical costs were assumed to be $6,105 per person per year, as reported by the Canadian Institutes for Health Information as the overall Canadian average. 26 The overall average was used in the base case, rather than age-specific values, because agespecific values in older individuals are expected to be composed of a substantial proportion of cardiovascular-related costs, and if these were explicitly incorporated into the model, doublecounting of costs would occur.
Sensitivity analysis
In addition to the base case and the key sensitivity analysis of difference in systolic blood pressure being based on partial vs full intervention, several other one-way sensitivity analyses were conducted, listed in Table 2 . A sensitivity analysis was conducted in which Framingham risk equations were used to account for the impact of systolic blood pressure on CVD risk as an alternative to the BPL equations. Reduced time horizons of 5 and 10 years were considered. The model also included an option to dampen the effects of the intervention over time. In the base case, it was assumed that the observed trial results would be sustained, while sensitivity analyses were tested in which 1) benefits of the intervention decayed by 50% after 3 years and were 100% decayed (i.e., equivalent efficacy of the 2 arms) after 10 years and 2) benefits of the intervention decayed by 100% after 3 years. In these decayed benefit scenarios, it was assumed that once the benefit had entirely stopped, the costs of the intervention would stop also, as it would be discontinued if no longer effective.
Several sensitivity analyses were also conducted regarding cost implications of the intervention. In the base case analysis, it was assumed that there would be no difference in background medical costs across the 2 arms. In sensitivity analysis, a decrease of $100 per year in background medical costs was considered for the pharmacist intervention group, to reflect the potential for reduced general practitioner visits resulting from pharmacist contact. In sensitivity analysis regarding the costs of the intervention itself, training costs for practitioners were considered and other costs related to the intervention were doubled. At a cost of $1,000 per trainee per day to fund the session and a half-day training program, prorated over an assumed 15 patients per pharmacist, the resulting cost per participating individual was $33.33. In the base case, a common crude annual background medical cost was applied to individuals of all ages, and age-specific values were applied in sensitivity analysis. An optimistic sensitivity analysis was included, in which it was assumed that after the first year, only 2 follow-ups per year
MIse en PrAtIQUe des connAIssAnces
• dans le cas de l'hypertension, l'intervention des pharmaciens (partielle ou complète) constitue une stratégie de prise en charge efficace. • les pharmaciens sont les mieux placés pour combler les lacunes dans le traitement des 35 à 65 % de patients qui souffrent d'une hypertension artérielle mal contrôlée. • la prise en charge complète de l'hypertension (ordonnances, éducation et consultations) par les pharmaciens est une stratégie dominante (permet de faire des économies et améliore les résultats). • la prise en charge partielle par les pharmaciens améliore les résultats de façon rentable en général. • compte tenu des arguments économiques qui appuient la prise en charge de l'hypertension par les pharmaciens, il leur appartient de mettre en oeuvre ce type de traitement dans notre société.
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would be needed (compared with quarterly in the base case) and, consistent with observed trial results, that no increase in medications and corresponding increase in medication costs would be observed in the base case. A probabilistic sensitivity analysis was also conducted, in which ranges of plausible uncertainty were considered for all relevant parameters and varied simultaneously, to assess the impact on economic and health outcomes. Separate probabilistic sensitivity analysis outcomes were generated for the full-scope pharmacist intervention and partial-scope pharmacist intervention, respectively. Parameter values used in the probabilistic sensitivity analysis are listed in Table 2 .
Finally, a range of potential systolic blood pressure decreases resulting from the intervention, from 5 to 20 mmHg, were assessed and key outcomes generated and assessed graphically. In addition to the full-and partial-scope pharmacist intervention values, key outcomes were reported across a range of systolic blood pressure reductions from 5 to 20 mmHg.
Results
Modeled population characteristics, based on the trial population in the RxACTION 10 clinical trial, are reported in Table 1 . The average age was 63.5 years, and approximately half (49%) were male.
The mean systolic blood pressure was 149.5, with 78% already being treated for hypertension.
CVD and ESRD outcomes for the base case scenario and key sensitivity analyses over time are shown in Figure 2 . The "full-scope pharmacist intervention" refers to the 18.3 mmHg difference relative to usual care reported by Tsuyuki et al., 10 while the "partial-scope pharmacist intervention" represents the 7.6 mmHg relative to usual care reported by Santschi et al. 9 The base case impact of blood pressure reduction on CVD, based on the relationship reported by the BPL Treatment Trialists' Collaboration, is shown in Figure  2a , while the sensitivity analysis using only Framingham equations is shown in Figure 2b . In all analyses, rates of CVD and ESRD are lowest for the full-scope pharmacist intervention and highest for usual care. The differences between the pharmacist intervention and usual care are less pronounced for the partial-scope pharmacist intervention or when Framingham equations are used to measure the impact of blood pressure reduction.
For base case settings for the full-scope pharmacist intervention, the 30-year risk of a cardiovascular event is reduced from 0.61 to 0.41, that is, a reduction of 2 cardiovascular events for every 10 people receiving the intervention (Table 3 ). Discounted at 5% per year, the fullscope pharmacist intervention is associated (Figure 3 ). For the partial-scope pharmacist intervention, 98% of iterations were in the quadrant of the plane corresponding to improved health outcomes and increased costs, and 100% of these were within a cost-effectiveness threshold of $40,000 per QALY. Across the majority of one-way sensitivity analyses, the pharmacist intervention remained more effective than the status quo (Table 3) . However, when a shorter (5-or 10-year) time horizon was used, or the intervention was assumed to have zero benefits after 3 years, the interventions were clinically equivalent as characterized by QALYs, suggesting that more time is required to realize a reduction in clinical events and corresponding increase in QALYs. With respect to incremental costs, in approximately half of sensitivity analyses, the pharmacist intervention remained less costly than the status quo. When Framingham risk equations were used to characterize the impact of blood pressure on CVD risk, or when the partial-scope pharmacist intervention was modelled rather than the full intervention, the intervention was associated with increased medical costs, with incremental costeffectiveness ratios ranging from approximately $12,000 to $29,000. Additional clinical and cost outcomes for the one-way sensitivity analyses are included in the supplementary appendix in the online version of the article. Across sensitivity analyses, the life-years gained associated with the pharmacist intervention (discounted) ranged from 0.0 to 0.3, while QALYs gained ranged from 0.0 to 0.3. Incremental discounted costs associated with the intervention ranged from a cost savings of $11,509 to an increase of $1,730. Thus, while the magnitude of clinical and cost benefits associated with the intervention varied across analyses, the overall interpretation of the When the decrease in systolic blood pressure ranged from 5 to 20 mmHg, resulting outcomes varied in an approximately linear manner (Figure 4 ). For incremental life-years, QALYs and cardiovascular events, while larger blood pressure decreases were associated with larger improvements, the intervention was consistently associated with improved outcomes for the full range of values tested. For incremental costs, the costs of the intervention were greater than medical cost offsets for blood pressure reductions less than approximately 10 mmHg; for larger reductions, the intervention shifted to being cost-saving overall.
Discussion
This is the first study to examine the cost-effectiveness of pharmacists providing advanced scope of practice for management (prescription, education, consultation) of hypertension compared with usual care. In the base case of a 30-year time horizon, pharmacist management of hypertension was an economically dominant strategy when compared with usual care, that is, saving money and improving health outcomes, with an estimated discounted cost savings of more than $6,000 per individual. Across a number of strategies and sensitivity analyses, results either remained dominant or, under increasingly conservative assumptions about the efficacy of the strategy, continued to show that the intervention would provide good value for money, well within standard cost-effectiveness thresholds. In a sensitivity analysis in which it was assumed that the intervention would require 2 visits per year after year 1 and that there would not be a net increase in medication costs-an assumption that is supported by empirical trial data 10 -the estimated discounted cost savings increased to more than $11,000 per individual. These results reflect the relatively low costs of the program, particularly relative to the costs of treating CVD or ESRD. In the base case, based on extrapolation of observed trial results, an approximately 20% reduction in CVD incidence over 30 years was predicted. This finding has important public health implications, as pharmacist-based strategies could be used to contribute to filling the hypertension care gap in a cost-effective manner. Indeed, the infrastructure for these services is already present; what is now needed is to expand pharmacists' scope of practice and to appropriately incentivize pharmacists to provide this care.
In sensitivity analyses in which the modelled time horizon was restricted to 5 or 10 years, or for which the intervention was assumed to be discontinued after 3 years, cost-effectiveness ratios could not be calculated, as the intervention was equivalent to the status quo with respect to QALYs. This highlights the need for the intervention to be maintained over time in order to be both effective and cost-effective. An advantage of pharmacist intervention is patient access to timely care; it is essential that individuals continue to routinely make use of the service in order to achieve beneficial health outcomes. The particular intervention modeled in the base case ("full-scope pharmacist intervention") was relatively aggressive, including pharmacist prescription in addition to medication review and education and follow-up visits every 1 to 3 months; the observed SBP reduction in the intervention arm of 18.3 mmHg was notably higher than the corresponding SBP reduction of 7.6 mmHg across intervention arms within the meta-analysis conducted by Santschi et al. 9 ("partial-scope pharmacist intervention"). Thus, the economic benefits from the full-scope pharmacist intervention likely represent an upper bound of cost savings and health benefits that could be achieved through pharmacist intervention. While less aggressive interventions may not achieve the same level of benefit, the smaller clinical benefits observed within the partial intervention were still associated with improved health outcomes and cost savings, with the magnitude of such benefits being the primary difference.
Other studies have examined the costeffectiveness of providing more optimal care in hypertension, and results are generally consistent with those reported here. A study by Moran et al. 30 evaluated the cost-effectiveness of treating hypertension in U.S. adults according to the 2014 guidelines. 31 This well-done modeling study generated similar results to those reported here: the application of the guidelines to U.S. adults between the ages of 35 and 74 years would reduce cardiovascular events (about 56,000 per year in the United States) and lower costs. The authors concluded that pharmacist interventions could be one solution to implementing these guidelines in the population.
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Another economic evaluation modelled the results from a cluster-randomized clinical trial (the CAPTION trial) comparing a physicianpharmacist collaboration (either a 9-month or 24-month blood pressure intervention) to usual care. 32, 33 The intervention in this trial included a medication history, assessment of blood pressure medications, assessment of barriers to blood pressure control (side effects, nonadherence), lifestyle modifications and specific recommendations to the prescribing physician. Pharmacists were embedded directly within physician offices and thus could provide face-to-face consultation. The main results from this trial at 9 months were a reduction of 6.1 mmHg systolic blood pressure, 2.9 mmHg diastolic blood pressure and an incremental improvement of 11% in individuals achieving hypertension control. Costs collected were only those associated with the provider and medications used to manage hypertension, so this was not a full economic evaluation. 34 The authors concluded that the costs to lower blood pressure by 1 mmHg were approximately $39 for systolic blood pressure and $82 for diastolic blood pressure. In addition, the cost associated with providing blood pressure control to one individual was $22.55. Not accounting for the costs to manage long-term complications (CVD, stroke, ESRD) was a major limitation of this study, and, as such, the results are likely conservative.
As for any cost-effectiveness model, a key limitation is the assumption required to extrapolate observed data into long-term outcomes, and the overarching strategy for addressing this limitation was to perform extensive probabilistic and deterministic analyses, as well as a series of threshold analyses. In this model, a key source of uncertainty was the assumed long-term CVD reduction based on observed 6-month outcomes in blood pressure reduction. In the base case, the 18.3 mmHg reduction in systolic blood pressure over 6 months translated to a notable decrease in risk of CVD incidence (relative risk of 0.50, based on equations extrapolated from BPL Treatment Trialists' published results). While this estimate was based on the most relevant high-quality data identified, it is not known whether this longterm effect would be realized in actual clinical practice. However, under alternative assumptions based on other data sources, regarding the blood pressure reduction that would result from the intervention and/or the resulting relative risk of CVD, the intervention remained a cost-effective strategy. Therefore, while the exact parameter values used in the base case of the model and hence the specific numeric results are subject to uncertainty, the overall interpretation of a costeffective strategy is robust across all plausible scenarios and parameter values.
As accessible front-line health care practitioners, pharmacists are well positioned to intervene in hypertension management. While the magnitude of the impact is dependent on the specific details of the intervention, randomized controlled trials have consistently found pharmacist intervention to be effective at reducing blood pressure in hypertensive patients. 9, 10 As demonstrated in the economic evaluation presented here, this clinical effectiveness is anticipated to lead to cost savings or cost-effectiveness for third-party health payers, and as a result, implementing such programs represents good value for money. As pharmacist scope of practice is expanded in Canada, reimbursement schedules may be revisited; in particular, there may be a need to incorporate more disaggregated fees across a range of specific interventions. Costeffectiveness analyses such as the one presented here can help to define the most appropriate fees for services, to ensure that pharmacists are remunerated appropriately for their time and expertise, considering the corresponding income to other components of health services expenditure. With 7.5 million Canadians currently living with hypertension 5 and 35% to 65% inadequately controlled, 4,5,28 a comprehensive and multidisciplinary approach is required to manage cardiovascular risk-a leading cause of morbidity and mortality in our society. Robust trial data have demonstrated that increased pharmacist intervention is one effective strategy for improving blood pressure control in the community, and this companion economic analysis demonstrates that if individuals adhere to an intervention that makes use of the full scope of pharmacist services, there is potential for substantial economic benefits to complement clinical improvements. ■ 
